TNO has built EBL2; a facility for EUV exposure testing and surface analysis. EBL2 is capable of testing EUV optics, EUV photomasks, pellicles, and other components under controlled conditions, relevant to EUV scanner and source operation at all foreseen source power nodes. The system consists of an EUV beam line coupled to an X-ray Photoelectron Spectroscopy system by an automated sample handler. The current contribution reports on the results of the qualification testing of the EUV beam line. Topics investigated include handling and position control, thermal management, a relevant gas environment, EUV irradiation and metrology, and first EUV exposures.
INTRODUCTION
EUV is approaching its insertion point for high volume manufacturing as EUV sources and EUV lithography tools become increasingly mature products [1] . At the same time, there is a continued push for EUV source powers beyond 250 W [2] , which means optics, reticles and pellicles will have to withstand increasing EUV intensities for increasing amounts of time. This development leads to a growing need for EUV exposure testing capability.
TNO has built the EBL2 facility for EUV exposure testing and surface analysis to meet this demand. EBL2 is capable of testing EUV optics, EUV photomasks, pellicles, and other components under controlled conditions, that are relevant to EUV scanner and source operation at all foreseen source power nodes. This enables life time testing of EUV optics, reticles and pellicles under conditions which are not yet available to industry. This predictive testing will help the industry to prepare for high volume production.
SYSTEM OVERVIEW
This section aims to give a brief overview of the EBL2 system; a full description can be found in refs. [3] [4] . The layout of the system is shown in Figure 1 , along with a photograph of the EBL2 clean room. EBL2 consists of an EUV beam line coupled to an X-ray Photoelectron Spectroscopy (XPS) system by an automated sample handler.
The EBL2 beam line is the EUV exposure part of the facility. It consists of an EUV source, a Collector Module, and an Exposure Chamber. The Ushio EUV source is described in Ref [5] , and generates EUV from a Sn Laser assisted Discharge Plasma. The EUV source is mounted on a track, which allows it to be separated from the Collector Module to facilitate maintenance. The Collector Module contains two elliptical mirrors that project EUV into the Exposure Chamber. It also provides the option to load Spectral Purity Filters into the EUV beam. A vacuum separation between the Source and Exposure Chamber gas environments is present at the intermediate focus of the two mirrors. The EUV beam focus can be adjusted relative to the sample by moving the source and collector module along a track. The exposure chamber contains a sample chuck positioned by a hexapod mounted outside the vacuum system. A Sample Rotation Unit (SRU) is present to rotate the mask or sample holder, and a gas manifold creates the desired gas environment. An in situ imaging ellipsometer keeps track of the sample condition during EUV exposures.
The Kratos XPS system is used for surface analysis of the mask or sample under study [6] . This XPS can be reached without breaking vacuum from the beam line by an automated Vacuum Handler. The Vacuum Handler can also move the mask or sample to a Parking and Cleaning station, where it can be cleaned using atomic hydrogen. The sample can also be stored lock. An Atm and transfers [7] , and of this testing An intensity scan through generated is c by multiplica value in W/m In Figure 5 
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s running trial wo trial exposu hout operating areas of the ma ng a sample ho ere. As the EU ma allows the f n Figure 6 . alignment is e 6 below. at travels light up in a diameter gen gas, a be seen in EBL2 is operational as a flexible EUV test tool for masks, pellicles, and other samples. In the near future, the remaining test program will be completed, and the system will be used to develop a mask lifetime test protocol. The system is now available for all users.
